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(54) Array antenna reception apparatus 

(57) An array antenna reception apparatus includes 
an array antenna, K adaptive receivers, and demodu- 
lated signal synthesizer. The array antenna has M (M is 
an integer of 1 or more) antenna elements linearly laid 
out on each side (sector) of a polygon having K (K is an 
integer of 3 or more) sides. Each adaptive receiver 
receives reception signals from the M antenna elements 
for a corresponding sector, independently forms a direc- 
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tional pattern having a gain in a desired signal direction 
for the sector, receives a desired signal, and sup- 
presses an interference signal. The demodulated signal 
synthesizer receives K demodulated signals as outputs 
from the K adaptive receivers, weights and synthesizes 
the signals, and outputs a demodulated signal for a 
user. 
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Description 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 5 

[0001] The present invention relates to an array 
antenna reception apparatus installed in a base station 
for removing another user interference under antenna 
directivity control and, more particularly, to an array 10 
antenna having antenna elements linearly laid out on 
each side of a polygon. 

DESCRIPTION OF THE PRIOR ART 

15 

[0002] In a cellular mobile communication system and 
the like, the following method is examined. A directional 
pattern which maximizes the reception gain in a desired 
signal arrival direction is formed using an adaptive 
antenna made up of a plurality of antenna elements, 20 
and interference from another user and interference by 
a delayed wave are removed in reception. As a radio 
transmission method expected for a large subscriber 
capacity, the CDMA method receives a great deal of 
attention. 25 
[0003] Fig. 1 is a block diagram showing an example 
of a conventional array antenna reception apparatus 
using the CDMA method. 

[0004] The conventional array antenna reception 
apparatus is constituted by an antenna 20 having a plu- so 
rality of antenna elements 21 A to 21 M laid out circularly, 
one adaptive receiver 22, and a determination circuit 5. 
[0005] The antenna 20 is made up of the M antenna 
elements 21 1 to 21 M laid out circularly. Each of the 
antenna elements 21 f to 21 M is not particularly limited 35 
in horizontal plane directivity and may take omnidirectiv- 
ity or dipole directivity. The M antenna elements 21 ^ to 
21 M are close to each other so as to establish correla- 
tions between antenna reception signals, and receive 
signals obtained by code-multiplexing a desired signal 40 
and a plurality of interference signals. In the following 
processing, since signals are digitally processed in the 
baseband, M antenna reception signals S 1 to S M are 
frequency-converted from the radio band to the base- 
band and A/D-converted. as 
[0006] The determination circuit 5 receives a demod- 
ulated signal for a user as an output from the adaptive 
receiver 22 and performs hard determination for the 
demodulated signal, thereby outputting a user determi- 
nation symbol. Here, it should be noted that only one of so 
the determination circuit 5 is shown in Fig. 1, but other 
circuits are omitted. 

[0007] Fig. 2 is a block diagram showing the adaptive 
receiver 22 in the conventional array antenna reception 
apparatus. 55 
[0008] The adaptive receiver 22 is constituted by 
despread circuits to 6 M , weighting synthesizer 7, 
demodulator 10, complex multiplier 13, subtracter 14, 



delay circuit 15, and antenna weight control circuit 16. 
The adaptive receiver 22 receives the antenna recep- 
tion signals S-\ to S M received by the M antenna ele- 
ments 21-1 to 21 M laid out circularly, and the user 
determination symbol as an output from the determina- 
tion circuit 5, and outputs a demodulated signal for a 
user. 

[0009] The despread circuits 6! to 6 M calculate corre- 
lations between the antenna reception signals S 1 to S M 
and a user spread code C. Assuming that the spread 
code C is a complex code made up of two quadrature 
codes Cj and C Q , the despread circuits 6^ to 6 M can be 
realized by one complex multiplier and averaging cir- 
cuits over the symbol section. The despread circuits 
to 6 M can also be realized by a transversal filter 
arrangement with a tap weight C. 
[0010] The weighting synthesizer 7 comprises com- 
plex multipliers 8-j to 8 M and adder 9. The weighting 
synthesizer 7 multiplies outputs from the despread cir- 
cuits 61 to 6 M by antenna weights W r1 to W rM , and adds 
them to generate a signal received with a directional 
pattern unique to a desired signal. 
[001 1 ] The demodulator 1 0 comprises a transmission 
path estimation circuit 11 and complex multiplier 12. 
The product of an output from the weighting synthesizer 
7 and the complex conjugate of a transmission path 
estimation output is the demodulated signal for a user 
as an output from the adaptive receiver 22. 
[0012] The complex multiplier 13 multiplies the user 
determination symbol by the transmission path estima- 
tion output. In multiplying the user determination symbol 
by the transmission path estimation output, only a com- 
ponent about the phase of the estimation value can be 
multiplied, and an amplitude obtained by another 
means can be multiplied. This another means is one for 
obtaining the amplitude by measuring reception power 
or the like. 

[0013] The subtracter 14 calculates the difference 
between an output from the complex multiplier 13 and 
an output from the weighting synthesizer 7, and detects 
an antenna weight control error e. 
[0014] The delay circuit 15 delays outputs from the 
despread circuits 6^ to 6 M in accordance with the 
processing times of the weighting synthesizer 7, 
demodulator 10, subtracter 14, and the like. 
[0015] The antenna weight control circuit 16 calcu- 
lates the antenna weights W r1 to from the antenna 
weight control error e and outputs from the delay circuit 
15. The antenna weight control circuit 16 adaptively 
controls the antenna weights W r1 to based on the 
MMSE standard so as to minimize the mean square 
value of the antenna weight control error e. When the 
LMS algorithm is employed as an update algorithm with 
a small arithmetic amount, the antenna weights W r1 to 
W rM are given by 

W r (i + 1) = W r (i) + M r(i-D dem )e*(i) (1) 



2 



: <EP 0984507A2_I_> 



3 



EP0 984 507 A2 



4 



where W r (i) (column vector having M elements) is the 
antenna weight of the ith symbol, r(i) (column vector 
having M elements) is the antenna reception signal, u is 
the step size, D dem is a delay time given by the delay cir- 
cuit 15, and * is the complex conjugate. From equation 
(1), the antenna weights W r1 to are updated every 
symbol. The adaptive control convergence step may 
use a known symbol instead of the determination sym- 
bol. 

[001 6] The M antenna reception signals S 1 to S M con- 
tain desired (user) signal components, interference sig- 
nal components, and thermal noise. Each of the desired 
signal component and interference signal component 
contains a multipath component. In general, these sig- 
nal components arrive from different directions. In form- 
ing a reception directional pattern, the conventional 
array antenna reception apparatus shown in Fig. 1 uses 
an antenna having antenna elements laid out circularly. 
Thus, a directional pattern with almost uniform recep- 
tion gains in all the signal arrival directions can be 
formed. 

[0017] However, first, the conventional array antenna 
reception apparatus shown in Fig. 1 cannot attain a high 
reception gain proportional to the number of antenna 
elements. 

[0018] This is because the directional pattern with 
almost uniform reception gains in all the signal arrival 
directions is formed by circularly laying out antenna ele- 
ments, and the reception gain cannot be optimized. 
[0019] Second, as the number of antenna elements 
increases, the conventional array antenna reception 
apparatus shown in Figs. 1 and 2 decreases in adaptive 
convergence and stability in forming a directional pat- 
tern in the desired user direction. 
[0020] This is because in the antenna having antenna 
elements laid out circularly, all the antenna elements 
must be simultaneously adaptively controlled. 

SUMMARY OF THE INVENTION 

[0021] The present invention has been made in con- 
sideration of the above situation in the prior art, and has 
as its object to provide an array antenna reception 
apparatus which can attain a high reception gain pro- 
portional to the number of antenna elements and is 
excellent in adaptive control convergence and stability 
in forming a directional pattern in the user direction. 
[0022] To achieve the above object, an array antenna 
reception apparatus according to the main aspect of the 
present invention is constituted as follows. Antenna ele- 
ments are linearly laid out on each side (sector) of a pol- 
ygon, a directional pattern for suppressing interference 
with another user or multipath is independently formed 
for each sector, and weighting synthesis is done 
between sectors. More specifically, the array antenna 
reception apparatus comprises an array antenna having 
M (M is an integer of not less than 1) antenna elements 
linearly laid out on each side (sector) of a polygon hav- 



ing K (K is an integer of not less than 3) sides, K adap- 
tive receivers each for receiving reception signals from 
the M antenna elements for a corresponding sector, 
independently forming a directional pattern having a 

5 gain in a desired signal direction for the sector, receiving 
a desired signal, and suppressing an interference sig- 
nal, and a demodulated signal synthesizer for receiving 
K demodulated signals as outputs from the K adaptive 
receivers, weighting and synthesizing the signals, and 

■to outputting a demodulated signal for a user. 

[0023] In the present invention, since the antenna ele- 
ments are linearly laid out every sector, a directional 
pattern with a high reception gain substantially propor- 
tional to the number of antenna elements can be formed 

is in a direction perpendicular to each straight line (each 
sector side). Since the directional pattern is independ- 
ently formed for each sector, the number of antenna ele- 
ments simultaneously adaptively controlled can be 
decreased. Even if the number of antenna elements 

20 increases, the adaptive convergence and stability are 
Kept high in forming a directional pattern in a desired 
user direction. 

[0024] The above and many other objects, features 
and advantages of the present invention will become 
25 manifest to those skilled in the art upon making refer- 
ence to the following detailed description and accompa- 
nying drawings in which preferred embodiments 
incorporating the principle of the present invention are 
shown by way of illustrative examples. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0025] 

35 Fig. 1 is a block diagram showing the arrangement 
of a conventional array antenna reception appara- 
tus; 

Fig. 2 is a block diagram showing the arrangement 
of an adaptive receiver in the prior shown in Fig. 1 ; 

40 Fig. 3 is a block diagram showing the arrangement 
of an array antenna reception apparatus according 
to an embodiment of the prasent invention; 
Fig. 4 is a block diagram showing the arrangement 
of an adaptive receiver in the embodiment shown in 

45 Fig. 3; 

Fig. 5 is a block diagram showing the arrangement 
of an array antenna reception apparatus according 
to another embodiment of the present invention; 
and 

so Fig. 6 is a block diagram showing the arrangement 
of an adaptive receiver in the embodiment shown in 
Fig. 5. 

DETAILED DESCRIPTION OF PREFERRED EMBOD- 
55 IMENTS 

[0026] Several preferred embodiments of the present 
invention wilt be described in detail below with reference 
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to the accompanying drawings. 
[0027] In this case, a multiplexed input signal is a code 
division multiple signal. The first embodiment will exem- 
plify an array antenna reception apparatus (CDMA 
adaptive reception apparatus) for the number K (K is an s 
integer of 3 or more) of sides (sectors) of a polygon in 
an antenna and the number M (M is an integer of 1 or 
more) of antenna elements in each sector. 
[0028] Referring to Fig. 3, the array antenna reception 
apparatus according to the first embodiment of the 10 
present invention is constituted by an antenna 1 for 
receiving radio signals to output antenna reception sig- 
nals (S-i i to Sk M ), adaptive receivers 3-| to 3 K for receiv- 
ing the antenna reception signals of corresponding 
sectors to output demodulated sector signals (S D1 to is 
$dk) °f the corresponding sectors, a demodulated sig- 
nal synthesizer 4, and a determination circuit 5. 
[0029] The antenna 1 is made up of antenna elements 
2 n to 2 kM linearly laid out on respective sides (sectors) 
of a K-side polygon in units of M elements. The kth sec- 20 
tor will be mainly described. 

[0030] The antenna elements 2 k1 to 2 kM in the kth 
sector are close to each other so as to establish corre- 
lations between the antenna reception signals S k1 to 
S kM in the kth sector, and receive signals obtained by 25 
code-multiplexing desired signals and a plurality of 
interference signals. Each of the antenna elements 2 k1 
to 2 kM is not particularly limited in horizontal plane direc- 
tivity, and desirably takes monopole directivity with a 
beam width of 1 80° or less. When the antenna elements 30 
2 k1 to 2 kM take monopole directivity with a beam width 
of 180° or less, they must be arranged to form directivity 
outside the polygon of the antenna 1 . When the antenna 
elements 2 k1 to 2 kM do not take monopole directivity 
with a beam width of 1 80° or less (i.e., omnidirectivity or 35 
dipole directivity), a radio shielding member must be 
disposed inside the K-side polygon of the antenna 1 so 
as not to receive signals by the antenna elements 2 k1 to 
2 kM with directivity inside the kth side (kth sector) of the 
K-side polygon of the antenna 1. in the following 40 
processing, since signals are digitally processed in the 
baseband, M antenna reception signals k1 to kM 
received by the antenna elements 2 k1 to 2 kM of the kth 
sector of the antenna 1 are frequency-converted from 
the radio band to the baseband and A/D-converted. 45 
[0031 ] The demodulated signal synthesizer 4 receives 
K demodulated 1st- to kth-sector signals S D1 to S DK as 
outputs from the adaptive receivers 3 1 to 3 K , weights 
and synthesizes them, and outputs a demodulated sig- 
nal for a user. The weighting synthesis method in the 50 
demodulated signal synthesizer 4 is not particularly lim- 
ited, and includes a method of selecting only a demod- 
ulated signal having the maximum desired signal power, 
a method of selecting only a demodulated signal having 
the maximum ratio (SIR) of desired signal power to 55 
interference power, and a maximum ratio synthesizing 
method of maximizing the ratio of desired signal power 
to interference power. 



[0032] The determination circuit 5 receives a demod- 
ulated signal for a user as an output from the demodu- 
lated signal synthesizer 4 and performs hard 
determination for the demodulated signal, thereby out- 
putting a user determination symbol. Here, it should be 
noted that only one of the determination circuit 5 is 
shown in Fig. 3, but other circuits are omitted. 
[0033] Referring to Fig. 4, the adaptive receiver 3 K of 
the kth sector is constituted by despread circuits 6 k1 to 
6kiu. weighting synthesizer 7, demodulator 10, complex 
multiplier 13, subtracter 14, delay circuit 15, and 
antenna weight control circuit 16. The adaptive receiver 
3 K of the kth sector receives the antenna reception sig- 
nals k1 to kM received by the M antenna elements 2 k1 
to 2 kM linearly laid out in one sector, and the user deter- 
mination symbol as an output from the determination 
circuit 5, and outputs a demodulated kth-sector signal. 
[0034] The despread circuits 6 k1 to 6 kM calculate cor- 
relations between the antenna signals k1 to kM and a 
user spread code C. Assuming that the spread code C 
is a complex code made up of two quadrature codes C| 
and C Q , the despread circuits 6^ to 6j< M can be realized 
by one complex multiplier and averaging circuits over 
the symbol section. The despread circuits 6 k1 to 6^ 
can also be realized by a transversal filter arrangement 
with a tap weight C. 

[0035] The weighting synthesizer 7 comprises com- 
plex multipliers 8 k1 to 8 kM and adder 9. The weighting 
synthesizer 7 multiplies outputs from the despread cir- 
cuits 6 k1 to 6 kM by antenna weights W^-, to W^m. and 
adds them to generate a signal received with a direc- 
tional pattern unique to a desired user. 
[0036] The demodulator 1 0 comprises a transmission 
path estimation circuit 11 and complex multiplier 12. 
The product of an output from the weighting synthesizer 
7 and the complex conjugate of a transmission path 
estimation output is the demodulated kth-sector signal 
as an output from the adaptive receiver 3 k of the kth 
sector. 

[0037] The complex multiplier 13 multiplies the user 
determination symbol by the transmission path estima- 
tion output. In multiplying the user determination symbol 
by the transmission path estimation output, only a com- 
ponent about the phase of the estimation value can be 
multiplied, and an amplitude obtained by another 
means can be multiplied. This another means is one for 
obtaining the amplitude by measuring, e.g., reception 
power. 

[0038] The subtracter 14 calculates the difference 
between an output from the complex multiplier 13 and 
an output from the weighting synthesizer 7, and detects 
an antenna weight control error e k . 
[0039] The delay circuit 15 delays outputs from the 
despread circuits 6 k1 to 6 kM in accordance with the 
processing times of the weighting synthesizer 7, 
demodulator 10, subtracter 14, and the like. 
[0040] The antenna weight control circuit 16 calcu- 
lates the antenna weights W rk1 to \N^ M from the 
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antenna weight control error ^ and outputs from the 
delay circuit 15. The antenna weight control circuit 16 
adaptively controls the antenna weights to W rkM 
based on the MMSE standard so as to minimize the 
mean square value of the antenna weight control error 
e k . When the LMS algorithm is employed as an update 
algorithm with a small arithmetic amount, the antenna 
weights to W^m are given by 

W rk (i+1) = W^i) + urfl-D^Je^i) (2) 

where W rk (i) (column vector having M elements) is the 
antenna weight of the ith symbol, r(i) (column vector 
having M elements) is the antenna reception signal, n is 
the step size, D dem is a delay time given by the delay cir- 
cuit 15, and * is the complex conjugate. From equation 
(2), the antenna weights to W rkM are updated 
every symbol. The step size ^ as a change amount 
coefficient in updating the antenna weights to 
W^m has the following feature. When the step size \i is 
large, the convergence speed to the antenna weights 
Wrf<i to W^ for forming an optimum directional pattern 
is high, but the adaptive precision and stability are low; 
when the step size |i is small, the adaptive precision and 
stability are high, but the convergence speed is low. 
Thus, the step size is adaptively changed to obtain a 
satisfactory convergence speed, adaptive precision, 
and stability. This method is also incorporated in the 
present invention. The adaptive control convergence 
step may use a known symbol instead of the determina- 
tion symbol. 

[0041 ] The effects of the first embodiment according 
to the present invention will be explained. In the first 
embodiment of the present invention, since the antenna 
elements 2 k1 to 2 kM are linearly laid out every sector, a 
directional pattern with a high reception gain substan- 
tially proportional to the number of antenna elements 
can be formed in a direction perpendicular to the linear 
layout of the antenna elements 2^ to 2 kM . 
[0042] Since the directional pattern is independently 
formed for each sector, the number of antenna ele- 
ments simultaneously adaptively controlled decreases. 
Even if the number of antenna elements increases, the 
adaptive convergence and stability are kept high in 
forming a directional pattern in a desired user direction. 
[0043] The second embodiment of the present inven- 
tion will be described in detail with reference to Figs. 5 
and 6. In this case, a multiplexed input signal is a code 
division multiple signal. The second embodiment will 
exemplify an array antenna reception apparatus (CDMA 
adaptive reception apparatus) for the number K (K is an 
integer of 3 or more) of sides (sectors) of a polygon in 
an antenna and the number M (M is an integer of 1 or 
more) of antenna elements in each sector. 
[0044] Referring to Fig. 5, the array antenna reception 
apparatus according to the present invention is consti- 
tuted by an antenna 1, adaptive receivers 17 n to 17 K , 
and demodulated signal synthesizer 4. 



[0045] The antenna 1 is made up of antenna elements 
2 n to 2 KM linearly laid out on respective sides (sectors) 
of a K-side polygon in units of M elements. The kth sec- 
tor will be mainly described. 

s [0046] The antenna elements 2 k1 to 2 kM in the kth 
sector are close to each other so as to establish corre- 
lations between antenna reception signals in the kth 
sector, and receive signals obtained by code-multiplex- 
ing desired signals and a plurality of interference sig- 

10 nals. Each of the antenna elements 2 k1 to 2 kM is not 
particularly limited in horizontal plane directivity, and 
desirably takes monopole directivity with a beam width 
of 180 degrees or less. When the antenna elements 2 k1 
to 2 kM take monopole directivity with a beam width of 

is 180 degrees or less, they must be arranged to form 
directivity outside the polygon of the antenna 1 . When 
the antenna elements 2 k1 to 2 kM do not take monopole 
directivity with a beam width of 180 degrees or less (i.e., 
omnidirectivity or dipole directivity), a radio shielding 

20 member must be disposed inside the K-side polygon of 
the antenna 1 so as not to receive signals by the 
antenna elements 2 k1 to 2 kM with directivity inside the 
kth side (kth sector) of the K-side polygon of the 
antenna 1 . In the following processing, since signals are 

25 digitally processed in the baseband, M antenna recep- 
tion signals k1 to kM received by the antenna elements 
2 k1 to 2 kM of the kth sector of the antenna 1 are fre- 
quency-converted from the radio band to the baseband 
and A/D -converted. 

30 [0047] The demodulated signal synthesizer 4 receives 
K demodulated 1st- to kth -sector signals as outputs 
from the adaptive receivers 17-, to 17 K , weights and 
synthesizes them, and outputs a demodulated signal for 
a user. The weighting synthesis method in the demodu- 

35 lated signal synthesizer 4 is not particularly limited, and 
includes a method of selecting only a demodulated sig- 
nal having the maximum desired signal power, a 
method of selecting only a demodulated signal having 
the maximum ratio (SIR) of desired signal power to 

40 interference power, and a maximum ratio synthesizing 
method of maximizing the ratio of desired signal power 
to interference power. 

[0048] Referring to Fig. 6, the adaptive receiver 1 7 K of 
the kth sector is constituted by despread circuits 6 k1 to 

45 6|< M) weighting synthesizer 7, demodulator 10, arrival 
direction estimation circuit 18, and antenna weight gen- 
eration circuit 19. The adaptive receiver 17 K of the kth 
sector receives the antenna reception signals k1 to kM 
received by the M antenna elements 2^ to 2 kM linearly 

so laid out in one sector, and outputs a demodulated kth- 
sector signal. 

[0049] The despread circuits 6 k1 to 6|< M calculate cor- 
relations between the antenna signals k1 to kM and a 
user spread code C. Assuming that the spread code C 
55 is a complex code made up of two quadrature codes C t 
and C Q , the despread circuits 6 k1 to 6^ can be realized 
by one complex multiplier and averaging circuits over 
the symbol section. The despread circuits 6 k1 to 6k M 
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can also be realized by a transversal filter arrangement 
with a tap weight C. 

[0050] The weighting synthesizer 7 comprises com- 
plex multipliers 8 k1 to 8 kM and adder 9. The weighting 
synthesizer 7 multiplies outputs from the despread err- s 
cuits 6 k1 to 6k M by antenna weights to W^, and 
adds them to generate a signal received with a direc- 
tional pattern unique to a desired user. 
[0051 ] The demodulator 1 0 comprises a transmission 
path estimation circuit 11 and complex multiplier 12. 10 
The product of an output from the weighting synthesizer 
7 and the complex conjugate of a transmission path 
estimation output is the demodulated kth-sector signal 
as an output from the adaptive receiver 17 k of the kth 
sector. is 
[0052] The arrival direction estimation circuit 18 
receives outputs from the despread circuits 6 k1 to 6 kM( 
and estimates the arrival direction of a desired signal 
from a reception signal multiplexed by a plurality of user 
signals. The arrival direction estimation method in the 20 
arrival direction estimation circuit 18 is not limited, and 
includes, e.g.. the MUSIC method. 
[0053] The antenna weight generation circuit 19 
receives an estimated arrival direction signal as an out- 
put from the arrival direction estimation circuit 1 8, and 25 
calculates and outputs the antenna weights W rk1 and 
WfcM for forming a directional pattern with the maximum 
reception gain in the estimated arrival direction. 
[0054] The effects of the second embodiment accord- 
ing to the present invention will be explained. In the sec- 30 
ond embodiment of the present invention, an arrival 
direction is estimated in the adaptive receivers 1 7 1 to 
1 7 k , and the antenna weights W rk1 and W rkM are gener- 
ated from the estimated arrival direction. In the first 
embodiment of the present invention, adaptive control is 35 
closed-loop control. To the contrary, in the second 
embodiment of the present invention, adaptive control is 
open loop control and thus can be stably done without 
any divergence. 

[0055] The above embodiments of the present inven- 40 
tion do not limit the code length of the spread code C, 
i.e., the spread ratio. The array antenna reception appa- 
ratus according to the present invention can be applied 
to even a signal multiplexed at a spread ratio of 1 by a 
method other than the code division multiple access 45 
method. 

[0056] The above embodiments of the present inven- 
tion do not limit the interval between antenna elements. 
For example, the interval is set to 1/2 the wavelength of 
the carrier wave. so 
[0057] The above embodiments of the present inven- 
tion do not limit the number K of sectors. For example, 
the polygon is a triangle. 

[0058] The above embodiments of the present inven- 
tion do not limit the number M of antenna elements line- 55 
arly laid out in one sector. 

[0059] The above embodiments of the present inven- 
tion do not limit the number of simultaneous reception 



users. 

[0060] The above embodiments of the present inven- 
tion do not limit the number of multipaths for simultane- 
ous reception users. 

Claims 

1. An array antenna reception apparatus comprising: 
an array antenna having M (M is an integer of not 
less than 1) antenna elements linearly laid out on 
each side (sector) of a polygon having K (K is an 
integer of not less than 3) sides; K adaptive receiv- 
ers each for receiving reception signals from the M 
antenna elements for a corresponding sector, inde- 
pendently forming a directional pattern having a 
gain in a desired signal direction for the sector, 
receiving a desired signal, and suppressing an 
interference signal; and a demodulated signal syn- 
thesizer for receiving K demodulated signals as 
outputs from said K adaptive receivers, weighting 
and synthesizing the signals, and outputting a 
demodulated signal for a user. 

2. An apparatus according to claim 1, wherein the 
directional pattern of each sector of said array 
antenna is formed outside each side of the polygon. 

3. An apparatus according to claim 1, wherein said 
demodulated signal synthesizer selects a demodu- 
lated signal having maximum desired signal power 
in weighting and synthesizing the K demodulated 
signals. 

4. An apparatus according to claim 1, wherein said 
demodulated signal synthesizer selects a demodu- 
lated signal having a maximum ratio of desired sig- 
nal power to interference power in weighting and 
synthesizing the K demodulated signals. 

5. An apparatus according to claim 1, wherein said 
demodulated signal synthesizer performs weighting 
synthesis (maximum ratio synthesis) so as to maxi- 
mize a ratio (SIR) of desired signal power to inter- 
ference power in weighting and synthesizing the K 
demodulated signals. 

6. An apparatus according to claim 1 , wherein each of 
said K adaptive receivers comprises M despread 
means for receiving code division multiple access 
(CDMA) signals received by said M antenna ele- 
ments and a determination symbol obtained by 
hard determination for the demodulated signal for a 
user, and despreading each of the M antenna 
reception signals using a desired user spread code, 
a weighting synthesizer for forming a directional 
pattern, a demodulator for estimating a transmis- 
sion path, a multiplier for multiplying a user determi- 
nation symbol by a complex transmission path 
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estimation value as an output from said demodula- 
tor to cancel a phase change caused by phase lock 
of a carrier wave, a subtracter for subtracting an 
output from said weighting synthesizer from an out- 
put from said multiplier to detect an antenna weight 5 
control error, delay means for delaying outputs from 
said M spread means in accordance with a 
processing time of said demodulator, and antenna 
weight control means for controlling and outputting 
antenna weights on the basis of a least mean 70 
square error (MMSE) so as to minimize average 
power of the antenna weight control error using out- 
puts from said delay means and the antenna weight 
control error. 

15 

7. An apparatus according to claim 1 , wherein each of 
said K adaptive receivers comprises M despread 
means for receiving code division multiple access 
(CDMA) signals received by said M antenna ele- 
ments and despreading each of the M antenna 20 
reception signals using a desired user spread code, 
arrival direction estimation means for estimating an 
arrival direction from outputs from said M despread 
means, antenna weight generation means for gen- 
erating antenna weights from outputs from said 25 
arrival direction estimation means, a weighting syn- 
thesizer for forming a directional pattern from the 
antenna weights, and a demodulator for estimating 

a transmission path. 

30 

8. An apparatus according to claim 6, wherein said 
weighting synthesizer comprises M complex multi- 
pliers for receiving the M antenna reception signals 
and the antenna weights, and multiplying the 
received signals by M complex antenna weights, 35 
and an adder for adding outputs from said M com- 
plex multipliers. 

9. An apparatus according to claim 6, wherein said 
demodulator comprises transmission path estima- 40 
tion means for receiving an output from said weight- 
ing synthesizer and estimating an amplitude and 
phase of the carrier wave, complex conjugate oper- 
ation means for obtaining a complex conjugate of a 
complex transmission path estimation value as an 45 
output from said transmission path estimation 
means, and a multiplier for multiplying an output 
from said despread means by an output from said 
complex conjugate operation means to phase-lock 
the carrier wave. so 
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(54) Array antenna reception apparatus 

(57) An array antenna reception apparatus includes 
an array antenna, K adaptive receivers, and demodu- 
lated signal synthesizer. The array antenna has M (M is 
an integer of 1 or more) antenna elements linearly laid 
out on each side (sector) of a polygon having K (K is an 
integer of 3 or more) sides. Each adaptive receiver 
receives reception signals from the M antenna elements 
for a corresponding sector, independently forms a direc- 
tional pattern having a gain in a desired signal direction 
for the sector, receives a desired signal, and sup- 
presses an interference signal. The demodulated signal 
synthesizer receives K demodulated signals as outputs 
from the K adaptive receivers, weights and synthesizes 
the signals, and outputs a demodulated signal for a 
user. 
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